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ABSTRACTDesign 

application, operaion and maintenance 
ofcombined sewer overflow regulator facilities 

aredtailed in this Manual of Practic, dveoped 
inconjunction 

with a rport prepared on combinedsewer 
overflow rgulators.Design 

calculations are given for various types ofregulators 
and tide gates. A sampl rgulator facilitycontrol 

program is given to illustrate the dvelopmentof a control 
systm. Operation nd mantenanceguideines arc 

also given. Thirty-eight sketches andphotographs are 
includd.This manual and 

accompanying report weresubmittd in 
fulflment of Contract 14-12456between the Fedral 

Water Quality Administration,twnty-ive local 
jurisdictions and the AmricanPublic Works Research 

Foundation.1U 
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IN EXPLANATION: THE PURPOSE OF A MANUAL OF PRACTICEON 
COMBINED SEWER REGULATION AND 

MANAGEMENTThe 

American Public Works Association 
hascompleted a research study covering a 

nationalin-depth 
investigation of combined swer practices 

ofrepresentative local jurisdictions. The study coverdthe 
design, choce and application of regulatordevices, 

use of tide or backwater gate facilities,performance 
of regulator-overflow installations, 

andoperation 
and maintenance methods. Efforts weremade 

to obtain reliable information on the cost 
ofconstruction, equipment, and maintenance 

ofregulators and their appurtenant facilities. The reportof 
this investigation covers the methods utilized inthe 
survey, an evauation of the research data, 

anenumeration of the findings and a list 
ofrcommendations. The recommendations whenadopted 

should result in better engineeringtechnologies 
and the utilization of mor sophisticatedmethods 

and mechanisms in future regulator practice.The 
investigation disclosd th inadquacies ofmany of 
the present regulator-overflow devices, andmthods of 

thir opration. Wt-wather overflowswere, as expected, 
common to all installations;howver, thse 

overflows were more frquent andmore extended in 
duration than necessary to protectupstream collector 

swers, and downstreaminterceptors and 
treatment works. Even instances ofdry-weather overflows 

were reported. Litte or noattmpt has been made 
to improve the quality ofoverflow waste waters 
by the use of supplementaryprotective devices.The 
major deficiencies, 

unreliabiliy andinadequacy of 
regulator-overflow installations, in themain, wre the rsul of 

failure to apply rcognizednginering and construction 
methods. Thsemalpractices incuded such 

matters as: Lack of overallplanning of combined sewer 
systems and ofrecognition that overflow 

regulation is total systemsproblem; the use of an excessiv 
number of overflowpoints to protect loca sewer 

systems fromsurcharging and without 
consideringth impact of any singl regulator-overflow 

station ona total system network and on the pollution 
ofreceiving waters; inexact design criteria for 

suchfacilitis; inappropriate choice and application 
ofparticular types of regulators to th specifc 

controlfunctions; and ineffective operation and 
maintenancprocedures.It is apparnt that many of thes positive 

factorsresulted 
from design, and oprationtchniques utilied 

during the years when combinedsewer flows were 
discharged to receiving waterswithout treatment. 

Th advent of sewage treatment,coupld with higher 
standards of polution control ofreceiving waters, 
now make it mandatory to utilizeimproved practices 

in combined sewr regulation.These improvemens in 
regulator technologies areof practical importance. 

The ngineering professionand govrnmnt officials 
must face the responsibilityof providing for th 

control of combined seweroverflows at the lowest possibl 
cost commensuratewith dependable performanc 

and the rduction inpollution discharged to reciving 
waters.Ths purposes can be enhanced by 

establishingconstruction, equipment, and maintenance 
criteria,which will serve as functional 

guidlins for designersof combined sewr systems; 
owners of such sewerfacilitis; manufacturers who provide 

the quipmntfor regulator and sewr system 
managementprocedures; and operation and maintenance 
personnelwho must get m best possible service 

from the bestpossible facilities.It is de purpose of 
mis Manual of Practice onCombined Sewer Regulation 
and Management 

topresnt 
guidelines for:1. Applicability of types 

of regulators to meetspcific control needs 
(Section )2. The design 

and ayout of rgulator strucuresand regulator 
dvics and controls (Section 2)3. 

Dsign 
of tide or backwater gate devices andstructures 

(Section 3)4. The application of instrumentation 
andcontrol facilities for the purpose of 

achievingmaximum 
prformance from each individualregulator 

station 
and of the intgration of allrgulator stations 
into a total controlled sysmsmanagement 

program (Sction 4)5. Improved operation and 
maintenancepractices (Section 5).This Manual of 

Practice is not intended to be 
a"cookbook." It offrs guidance to the 

dsignengineering 
profession; 

to manufacturers andsuppliers of products 
and processes of primary andsecondary 

signifcanc to the regulator fields; and 
togovernmental 

agencies and officials who areresponsible 
for me administration and operation ofcombined sewer 

systems. Th Manua is not asubstitut for 
knowledge 

and experience. It is a toolfor the use of 
properly trained and experiencedprofessionals.X 
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STATIC REGULATORSLI 

Manualy Opeted Gates 
Bsic PrinciplThe clment 

of his regulator is a manuallyopertd vertical 
gale mounted on vrtical orice,through passes h 

intercepted sewage which isdiverd to the ramnt pant. Low 
flows passthrough the gage, a channel with cither 

orcritical dpth. At higher flows the regulator may 
actas a simple vertical orific with fr discharg or as 
asubmerged orifce.The regulator structure consists of 

an 
overflowdam 

constructd 
across the chann of the combinedsewer 

which diverts dry-weahr flow through thgat into an 
orifice chamber. From this chambr thflow is conveyd 

by a branch interceptor to the maininterceptor. 
In wet weather, excess flows dischargeover th dam to 
th receiving watrs.1.1.2 ApplicationThis device may 

be used for divertingwet-weather 
flows of lss than 4 

since dynamicregulators rarely are 
justified economically for suchsmall flows. Manually 

operated gats arc consideredmor ffctive as regulators 
than other typs of staticdevices. The gate opening 
is adjustabl so that thequantity divered to the 

intrcepor 
may be varied.Operaion and maintenance costs, 

as well asconstruction costs, arc lss for this type 
than forautomatic rgulators. It is most 

applicable wherefurthr rgulation of the diverted flow. 
will occurdownstream, either at another regulator 
or at thetratmnt plant.For flows of less than 4 

cfs the choice ofregulator would appear to be 
betwn the 

manuallyoprated 
gate and the tipping gate describd 

in 1.8.However, the lattr device diverts a lower 
ratio ofwet-weather to dry-weather fow.1.2 Fixed 

Orifices-Vertical1.2.1 Basic PrincipleThe main clmnt 
is a fixed vertical opening inthe 

combined sewer through 
which th diverted 

flowpasses. 
The principl is as dscribed for the 

manuallyopratd gate.7.2.2 ApplicationThis device is 
generally used for wet-weatherflows of lss than 2 cfs. 

It 
is specifcally 
applicablewhere 

additional regulation of th diverted flow 
willoccur further downstream, either at another regulatoror 

at th tratment plant. When not regulateddownstream, 
th intrcptd flow during a storm mayexced dsign 

quantity. When used for small flows,such excess 
interception may no be serious in a largsewer systm 
were only a smll prcntag of the flow is diverted 

to the plant.The use of manually oprad gal is 
preferredover 

a fxed orifce, although he gat rpresents 
anadditional capital cost.Whil provision 

can be made in design for varyingthe size 
of 

th fixd orifice by th use of removblplates, the 
changing of such plates may 

be diffcultafter the regulator has been in srvice 
for some time.Th fixed orifce does not require 

lubrication as doesthe manually operted gal.1.3 Fixed 
Orifics—Horizonta(Th Drop Inlet)1.3.1 Basic PrincipleThe 

device consists of a horizontal openingconstructd 
either 

in the bottom of the 

combindsewer or the bottom of a 
separate chamber 
of thecombind swer. 

In the former case it is usuallycovered wih 
a grate. When onstructed in a separatechamber 

a diversion dam must be construcd in thecombind 
swr to divrt th dry-weathr flowthrough a verical 
opning into the orific chamber. Itis also preferabe 
to use such a dam when the orificis paced in the 

combined sewer. In this way theopening acts 
as 

a horizontal orifice under allcondiions of flow. The 
flow not diverted into theintrcpr through the orifice 
passes over dam oth receiving waters.1.3.2 

ApplicationThis devic is gnrally used for 
divetingwet-weather flows of less than Prsnt practiceis 

to replace this type with more effectiv regulators.During 
dry-weather 

periods, in spite of 
dailymaintenance, clogging of th grates 

frequently causesexcessiv overflow to the receiving waers. 
Duringstorm periods, clogging of the. grates, or 

"umpingacross" the orifice, causes a large portion 
of th totalflow to discharg to overflow.Maintenance 

is difficult as it is impossible to shutoff all 
flow to th intrceptor unless the horiontalorific is 

placed in a separate chambr. When aseparate chambr is 
used, vertical orifice will 

resultin less variation in inercepted flows during 
stormperiods than is the cas in a horiontal orific.The 

only advantages of this typ of regulator arcits 

low initial capital cost and that, at most, only onestructure 
is required.Th horizontal orifice does not 

rgulatecombind swer flows effectivly and is expnsiv 
tomaintain. 



1.4 Leaping Weirs1.4.1 Basic PrinciplThis 
regulator consists of invrt opening in lcombined 

sewer dimensioned to permit thdy-weathe 
ow to fail through th opening and tobe convyed 

through a branch interceptor to themain intercepor 
and treatment plant. During priods th in 

vlocity 
and dpth in combined swer causes al or most of the 

flow topass over or leap over the opening and continu 
on torceiving waers.14.2 ApplicaionLeaping weirs 

generally have bn 
used forintceptin 

low volume flows. Whi used to aconsidrable 
extnt in the past, recnt practice is toreplace 

existing leaping wirs with othr types ofregulators.Th 
disadvantages of this regulator are:1 It cannot 

be used 
when 
tide gat is requiredsinc the backwatr 

effect will preven theleaping action and th 
devic will act as ahorizontal orific.2. During 

storm periods all the flow may leapover 
the opning and part 

of the flow wil not bedivertd to th treatment 
plant.3. It is difficult, if no impossible 

totemporarily shut of all flow to the 
interceptorand treatment plant.4. The 

opning may bcome clogged or bridgdwith floating 
material, causing 

spillag 
of flow into the receiving watrs.Its 

main 
advantage is hat only one structur 

isrequird, which may be desirable where space 
islimitd or wher economy is ssential. The leapingweir 

is not considered an effctive regulator.1.5 
SideSpill Weirs1.5.1 Basic PrincipleThe sid-spill 
weir is constructd parallel to, or ata slight 

angle to the axis 
of 

the combined sewer, 
withthe crest set at an elevation abov the peakdy-weather 

flow line. During wet-weather periodsflows in 
xcess 

of the peak dry-weathr flow willdischarge 
over the weir into the outfall sewer. Theexcss 

flow may be furher regulaed downstream ormay 
discharge 

directly into the receiving waters.1.5.2 
ApplicationTheoretically, th side-spill weir may be 

used 
forhe overflow of any quantiy of xcess 

wt-weatherflow. 
However, 

since he length of the wir isproportional to the 

quantity of ovrflow, thestructure becomes larger 
and more costly as thevolume of overflow 

increases. 
Side-spill weirs arefrequently used for 

low lows, and where theoverflows arc regulatd 
further downstream.The major advantage of this typ 

of regulator istha maintenance costs are 

generally 

lower foroler types. The major 
disadvantage is that theregulator cannot be adjusted 

after consructionexcept by reconstruction of the 
weir 

or by manualadjustnt of he weir crest.Whn close 
regulation of th flow to the plant isdesired 

it is preferable to use other ofregulators, the 
design of which is basd on 

acceptedhydraulic principles. Litle or no fied data 
have bnpublished regarding the opertion of 

these weirs thatconform with th theoretical values for 
larger flows.Where such regulation farthe downstram 

does notak plac the interceptd flow in times of storm 
mayexceed interceptor design capacity. This should 

bchecked in design to insur that such excessinterception 
does not result in unncessary spills atoutfall 

locations downstream or cause surcharging atthe 
tratment plant.1.6 Internal Self-Priming 

Siphons1.6.1 
Baic PrincipleA siphon may b defined as a closd 

conduitwhich lifs a liquid to an elevation higher 
than its frsurface 

and discharges it at a lower levaion. 
When aclosd conduit 

rises above the hydraulic grade lin,negative 
pressure (i.e., prssures less man atmospheric develops 

at the summit which is equal toth vertical disance 
between the hydraulic grad lineand th center lin of 
flow at the summit. To initiateopration he siphon must 

be primed, i.., suffcientnegativ pressur must be 
developed at the summit raise the waer in the uptak 

branch 
of th siphonuntil flow is establishd. Priming is 

effectd byrmova of air from the summit eithr by 
mchanicalmeans, such as a vacuum pump, or by us of thehydraulic 

energy inherent in th differential inlevation 
betwen the upper and lower water surfacesof the 

intake and discharge levels of the sphon. Thisdiffernce 
in levls is the operating powr which 

mustovercome all energy losss within the 
siphon,including 

friction, entry, bends, and discharge; itgenerates 
the requird velocity to maintain the designflow 

rate. Under maximum vacuum conditions in asiphon, a 
water column could rise to a theoreticalheight 

of approximately 34 feet at mean sea levl.Practically, 
a water column height of only 75 prcentof the 

thoretical 
maximum can be obtained.1.6.2 ApplicationThe 

inteal slf-priming siphon may b used todivrt 
excess storm flows to receiving waters and notto 

the interceptor as the normal regulator practicedictates. 
Such flows should exceed about 5 so 

that 



the throat sectin will be large enouh to prevntcloggng. 
It may be used to replace an ovrflow wirin any 

regulator, providd there is an adequadifference 
in water levls above and below the siphonto allow it 
to function as designed. In some cases thesiphon may 

be mor conomical than a weir due toth smaler 
sructure required. This yp siphon alsocan be used to 

conrol 
th water levels in a conduitleading to a 

treatment 

plant or pumping station inorder to prevent 
excessive flows to these installations.The siphon will 

maintain 
the water levels within anarrow range by 

discharging excss flows to recivingwaters. For this purpose 
it may be desirable to usetwo or thre siphons, 

with each succeeding one set tooperat at a slighly 
higher water levl.DYNAMC 1.7 Float-Operated 

Gates1.7.1 Basic PrincipleThis 
typ 

rgulator consists of a 
regulating gate, 

afloat, 
and an interconnecting device arranged so 

thatvariations in the water level either in the combinedsewer 
or interceptor will move the float and actuatthe 

gate. Operation of th gate docs not rquire 
eitherhydraulic 

pressure or electric power. typical layoutis 
shown in Figure 2.7.1.The regulator consists of an 

overflow 
dam or weirconstructed 

across the channel of th combined sewerto 
divert 

dry-weather flow through the regulating galinto 
the regulator chamber and thnce into thebranch 

intercptor. 
The branch interceptor dischargsthe diverted 

ow into an interceptor which conveysthe flow Co 
the treatment plant. In wt weahrexcss flows discharge 

over the dam and continuethrough th storm sewer 
to the receiving waters.7.7.2 ApplicationTheoretically, 

this type device can be used fordivrsion 
of any volum. 

Generally, however, its usewill not be economically 
justified for diverting flowsof less than 

Its major advantage is that nooutside source of energy 
is required for operation.Reguation is controlled 
by movements of the float.In the larger sizes, the 
float diamtr may b as muchas 5 fet. This requires a 
large siz whichmay trap grit that creates a maintenance 

problem.Accumulation of floating material on float 
maycaus mafunctioning of the systm. Sinc the 

entirsystem is in fine baance, proper operation 
requires atleast biweekly maintenanc.1.8. Tipping Gat1.8.1 

asic PrincipleThis regulator consists of a rctangular 
plate mounted on a 

horizontal 
pivot located 

belowthe center of 
gravity of the plate. The plat ismounted in a 

casting in such a manner that the flowdivrtd to 
intrcptor must pass under it. During flows the 

pressur on the upstream sidof the gate is below the 
pivot 

and the gate rests in thopen position permtting 
all flow to pass into theinterceptor. During periods 

of storm flow the watrlvel in the combined sewr rises 
and th resultantprssure on the upstream side of 

the gat above tlepivot causes the gat to partially 
close, thus rducingthe orifice area and limiting the 

quantity of flow toth interceptor. The remainder 
of 

th storm flowdischargs over a divrsion dam ino the 
outfall sewerand into tle rciving watrs.1.8.2 

ApplicationTipping 
gats can be used to divert wide rangeof 

flow volumes. These gates will intercept less flowin 
periods than th fixed orifice 

ormanualy operatd 
gate du to the partial closing or"tipping" 

of. the gat by the upstream water pressure.Th device 
can b adjusted in the field to revise eitherthe 
maximum or the minimum opening, thus alteringthe flow 

o b interceptd. The discharge through a12-inch gate 
undr 

head of one foot will vary fromabout to 6 cfs 
dpending 

on the opening height.The had required to 
close tle gate will vary from 0.3to 1.5 fet, depending 

upon the downstream waterlevl.1.9 Cylindrical 
Gates1.9.1 Basic PrincipleThis device consists of a 

horizonta circularorifice located in a chamber adjacent 
to the combinedsewer. The regulator is a 

cylindrical 

gat balanced bya 
counterweight and hung 

from 
an articulated framedirctly over the 

orifice.Th 
rising of the water surface, either in collector 

or in tle intrceptor, controls directly thclosing of 
th orifice by the cylindr without the useof floats 
and transmissions.1.9.2 

ApplicationThis new type regulator has been used 
onlyone city for sewage diversion. Operation 

andmaintnance 
problems are still being worked out.Further 

performance rcords are neded for 
accuratvaluation. 

This gat is activated bysewage flow and, 
hence, no outside source of energyis required. 

According to the manufacturr this deviceis 
suitable 

for divrted flows of from less than 10 cfsto 

200 cfs. 



DYNAMIC REGULATORS-AUTOMAC1.10 

Motor-Operated 
Gate1.10.1 

Basic PrincipleThis 
regulator functions in similar fashion to 

thecylinder-operatd gate (1.11) except that the gate 
isoprated 

directly by motor rather than a pneumaticor 
hydraulic cylinder.1.10.2 

ApplicaionTh 
motroperated gat can be used for anyvolume of 

flow whee automatic or remote control ofthe divrted 
flow is desired. Its use is not genrallyconsidered 

economically fasible for design flows ofless than 
Elctric power must be available foroperation of the 

motor. The motor is mounted on afloor stand directy 
above the ga.If the swer is deep 

enough th motor can bhoused in an underground 
chamber; otherwise themotor will require housing 

above the ground. Thelatter alternative s 
prefrabl in any case sincecorrosin is less in an 
abve-grade site. If anunderground chamber is used, 

andheating equipment may be provided or 
specialequipment 

may be provided to handl these 
difficultconditions.1.11 Cylinder-Operated Gate1.11.1 

Basic 
PrincipleThe 

chief element of this 
regulator is 

acylinder-operated 
gat and orifice through which 

theintercpted fow passes to the tratment facility. 

Thegate is operated by a hydraulic or pneumatic 
cylinderwhich responds to he sewage level as measured by 

asensing dvic located either upstram or downstreamof 
the gate. Opration of the cylinder may be bywater, 

oil or air pressure. Th snsor usually is eithera 
float or compressed-air bubbler tube. Th gate alsomay 

be 
oprated by remote control which overridesthe sensing 
device.The gulator consists of an ovrflow 

damconstructed 
acoss the 

channel of the combind sewerso as to 
divert 

maximum dry-weather flow through asluice gate 
into 

a regulator chamber. From thischamber the flow 
is conveyed by a branch interceptorto the main 
intrceptor which leads to th tratmentplant. Excess 

flows during storm prids willoverflow th dam and 
continue 

in the combinedsewer to th receiving 
waters.1.11.2 ApplicationThe cylinder-operated 
gate is suitable for flowsover 

4 cfs whore automatc 
regulation of the divertedow is desired. While 

this type can used on smallrflows, it is not 
generally 

considered economical.The water-cylinder type can 
be used where awater supply is availabl which 

will 
produce aminimum cylinder pressure of 25 

Because of thelow cylinder pressure the size 

of sluice gate isgenerally limited to 9 to 12 squar 
fet. Multiplegates are used where the opening 

exceeds 9 to 12square feet. The hazard of cross-connections 
betwenthe cylindr system and th public 

water supply mustbe considerd. This is an important 
dsignrequirement.Th oil-cylindr type requires an 

electric powesource to operate the oil pump 
and the 

aircompressor: To protect this equipment from theffects 
of the sewer atmosphere a separate 

chambrmust be constructed to house th electricalequipmnt. 
Oil pressue of about 70 psi is preferred.The 

gate is not restricted as to size, as 
in 

the case ofthe watercylinder type.The aircylinder 
type 

also requires a source ofelectric power to operat the 
air compressor. Airpressures 

of 90 to 200 psi hav been used.In 
jurisdictions 

that have tried bot typs, theoilcylinder 
is preferd. The principal advantage ofthe 

oil-cylindr or aircylinder type is that the flowcan 
be monitored and regulated from a remote pointthus 

making full us of the intrceptor system, and itsstorage 
capacity while protecting downstramtreatment 

facilities and reducing the frequency andvoume of overflows.In 
general, cylindr-operated gates are 

consideredan effective type of regulator currently in 
use inNorth Amrica.1.12 

Current Deveopments—New Devices1.12.1 GeneralThis 
subsectin includes regulators of recntdsign on 

which 
experimental 

work has ben doneand which, in 
some cases, 

have 
been installed foractual use.1.12.2 is 

defned as "the use of dvices thathave no moving 
parts, and that use a fluid mediumfor control of 
other 

devices, 
or that 

directly 
achievean objctive such as logic, computation 

oramplification". (Enginer, 1969). devices 
of 

two general typs haveapplicability, depending on the 
type of fluid-flowinteraction that takes 

place within thm. Thesecategories are: (1) 
wall attachment, and (2) vortexamplifier.Wall 

attachment devices form the largest group of 
components. In thes dvices, a high-velocityjet 
of 

fluid, emittd btween two walls, attaches itselfto 
one of 

thm, 
attracted there by an area of lowerpressure nxt 

to the wall caused by air 



The jet remains stable in this position unless it 
isdsturbed by pressure pulse or by 

continuouspressure 
from central port. The basic configurationis 

shown in Fgure 1.12.2.1.The 
vortex aplifir consists of cylindricalchamber 

as shown in Figure 1.12.2.2, an oriented 
outlet, a radially located supply inlet and directed 
control inlet. When the flow isnot bing controlled, the 

inflow proceeds directlythrough the chambr to the 
outlet. When the flow iscontrolld, the momentum 

exchange between theinflow nd control flow 
stablishes a rsultant spiralflow path to the outlet. This 

centripetal accelerationcan provide significant impedance 
to th flow and thevariation is essentially 

proportional to the controlflow in maximum/minimumratios 
up to ten Thedevice, therefore, operates in analog fashion. Thisproduces quantity control and, as 

explained in1.12.3, the secondary velocities 
imparted in simplespiral motion may induce solids 

sparation in theflow. This offrs opportunity for 
the control of thquality of overflow wastes.Figure 

1.12.2.3 shows a schematic 
arrangementfor a rgulator. The combined swer 

splits intotwo branches. The first, or branch interceptor,conveys 
the fow to the treatment plant and 

thesecond, th storm swer, conveys additional flow 
torciving waters. In dry-weather priods a low dam 

inthe storm sewer diverts all the flow to the 
branchinterceptor and thenc to the treatnt pant. wt-weather 

periods he portion of the flow divertedto ach 
branch can be regulated by the amount of airpressure 
or vacuum supplied to slots A and Thsslots extend 

th full height of the sewr. The airprssure or vacuum 
is self-induced by the flow in thesewer by th us 
of various devices.Flow in excss of design cannot 

be 
passedthrough th rgulator device. Excess flow 

can bepassd over the unit ino th overflow 
channl.1.12.3 VorticesThe vortex regulator (in 

England calld a vortexovrflow or rotary vortex 
overflow) 

consists 
of acircular channel in which rotary motion 

of th sewageis induced by the kintic energy of 
the sewagentering th tank. Flow to th treatment plant 
isdeflected and discharges through a pipe at 

the bottomand near th cnter of the channel. Excss 
flow instorm periods discharges ovr a circular weir 

aroundthe center of the tank and is conveyed to 
receivingwaters. It is claimed that the rotary motion 

causes thsewage to follow long path through the 
channel. Inthis period secondary flow patterns arcestablhed, 

setting up an interface between th fluidsludge 
mass and the clearer liquid. In effect, it isclaimed 
the dvice acts as quality separator. Theflow 

containing 

the concentration of soids is directdto the 
intercptor.Research has ben carried out on hydraulicmodes 

and two full-sied reguators of this typ havebeen 
built in Bristol, 

Engand, (Reference 1). Detaisof thes two 
regulators arc shown in Figure 1.12.3.Design factors for 

these regulators are as follows: Road Alma RoadRegulator 
dameter (ft) 18 18Overflow diametr (ft) 9 

dry-weather flow 0.18 0.92Wt-weather flow divertedto 
plant (cfs) 2.58 5.84Ratio 

WWF:DWF-desig 14 6Storm 
flow-once 

a year (cfs) 44.0 
54.7Size inlt (ft) 3 4x3The ratio of 

wet-weather flow to 
dry-weatherflow 

of 6:1 used inthe 
AlmaRoad rgulatorconforms 
with British practice. In th Road 

regulator, provision 

was made for reducing thratio if it becomes 
necessary.During dry-wather periods swage 

enters thchamber and flows into the branch interceptor 
nearthe center. In storm priods excess sewag 

dischargesover the center wir and 
flows out the storm sewr.The baffle and weir 

crest configurations preventfloating material from 
flowing over the weir.The depth of the chamber from 

weir level tothe invert is dpndent on the available 
head, sincethe plant outlet is operating under 

a hydraulic gradefrom the weir level to the 
point where the sewerflows free. The storm swr 

outlet must pass undrthe chambr and, if necessary, 
th entrance to thepip can be surchargd. The design of 
the ovrflowweir follows accepted hydraulic practic 

and its levelwill normally be st so that at 
maximum dsign flowthe inlet sewer is full.Model studis 

at Bristol using synthetic sewagesolids indicatd 
a higher removal of solids in the flowto the bottom 

of the regulator than in the flow overthe weir. Pilot 
studies are now undrway 

at Bristolusing a vortex regulator as a primary 
for rawsewage.However, another seris of experiments 

lsewhereon model vortex regulator using raw 
sewageindicated poor performance in removing solids. 

Undr 
certain conditions the concentration ofscrenings in 

the 
sewage 

over the weir was greaterthan in the swage 
passing to the bottom of thregulator (Reference 

2). 
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1.12.4 Spiral Flow SeparatorsThe 
spiral-flow regulator (in Engand 

theproposed name for the dvi is "stom 
sewagespiral-flow 

separaor) it based on the concept ofusing 
scondary hlical motions which exist in thebends of 
conduits, to estabish boundary layerbtween 

concentrated solids-bearing flow and clearerliquid, thus 
ffectively sprating the more heaviypolluted mass for 

discharge to th intrceptor.Basically, in a 
bend 

of a conduit the direction offow paths is not 
circumferntia but follows a heicalor spiral pattern. At 

th bnd th mor concenratediquid mixture is nearer t 
th 

bed of the channel andtends to concentrate along th 
innr wall of the bndand the clearr liquid mixture 

tends 
to fow outtowards the outer wall. With an 

overflow positionedalong the outer wall of the bend it 

is pssible to drawoff th less polluted effluent. bend 
with totalangle between 60 and 90 degrees is 

employed,Model studies of this device were 
carried 

out atthe Univrsity of Surry, England 
(Refrenc 

3).These investigations are by no means 
complte 

butthey indicat that it is feasibe, by one 
short bend ora series of short bends, to sepaate the 

heavlypollutd sewage from the clearer overflowing 
liquid.Th simplest form of rgulator suggested by 

themodel 
studies is shown in Figure 1.12.4. A short 

bndof approximately 60 degrees is used as separator.The 
heavily polluted sewage is drawn to the innerwall. 
It then passes to a semi-circular channel 

situatedat lower level leading to the treatment plant- 
Theproportion of the drawn-off discharge will depend 

onthe particuar design. Th sid weir, with proprlydesigned 
baffles, starts 10 to 15 degres from hebeginning 

of the bend at the outer wall. Its length 
willdepend 

on the dsign, but it could bcom a doublweir 
downstream 

of the end of the bend, i.e., aftrthe heavily 
pollutd swage is decanted or drawn off.Surface 

debris 
collects at the end chamber andpasses over 

short 
flum to join the sewer convyingthe flow to the 

treatment plant.Th authors of the model study port hat 
eventh simplest application of the 

spira-flow separatorwill produc a cheap 
regulator 

which will be superiorto many existing tyes. They 
also stated that fuherresarch is necessary in order 

to define the variabls,the limits of applications, 
and the actual limitationsof the spiral-flow regulator.The 

principal advantage of this dvice is that tworlatively 
flat, reverse curvs, 

produce 
effective helicalmotion which may provide 

quality 
sparationcharacteristics. This application may be 

economicallysignifcant in existing space-limited 
combined sewerintercptor junction ocations.1.12.5 

Stilling PondsThe stlling pond regulator as used in 
nglandcomprises a short length 

of 

widened channel 
whichacts as a stlling basn, from the bottom of 

which theflow to the plant is dischargd. The ow to 
the plantis controlled either by use of an orifice on 
he outletin the chamber or by use of a "throttle 

pipe,i.ean outlet pipe designed so that it will be surcharged 
inwet-weather periods. Its discharge will depend 

on thesewage level in the regulator. Excess flows 
duringstorms discharge over a transverse weir and areconveyed 

to the river. The use of the stlling pondprovides 
time for the solids to settle out when 

thefirst flush of storm water arrives at the regulatorbefore 
discharge over the weir begins. In England it 

isgenerally assumed that the first flush will carry 
thegreatest concentration of solids. This frst 

flshconcept is not universally accepted in North America.The 
performance of this regulator wasinvestigated in 

England (Reference 2). Theexperimental structure is 
shown in Figure 1.12.5. Thesize of 

this 
structur was considerd suitabl for 

adomestic population of 2,000. Discharge to treatmentwas 
0.9 at rst spill over the weir. At maximuminflow to 

the regulator of 7.4 cfs th flow totreatment was 
1.06 

cfs. Tests were made with noscum board and with a 
scum board set 6 and 18inches from th weir. 

Th 
best results wer obtainedwith the scum board 

st 6 inches from the weir whenth ratio of 
screenings in the overflow to thescreenings in the flow 

to the plant was 0.69.A possible application of this 
type regulator isshown in Figure 1.12.5 whn 

it is dsird to constructthe chamber in an 
existing combined sewer.This type regulator is 

considered suitable foroverflows up to 30 cfs (Refrence 
4). If th stillingpond is to b succssful in 

sparating solids it issuggestd that not less 
than a retntion beprovided at the maximum rate of 

flow (Rfernce 4).1.12.6 High SideSpill WeirsUnsatisfactory 
experience with side-spill wirs inEngland has 

ld to the devlopment of the highside-spil weir, 
rferred 

to ther as the high 
doubleside-weir overflow. The weirs are made shorter 

andhigher than would b required for th 
normalside-spill weir. The rate of flow to treatment may 

bcontrolled by use of a throttle pip or a mchanicalgate 
controled by a float.The perfomance of this 
type of regulator wasinvstigated in England (Refrenc 
2). Theexperimntal structure is shown in Figure 

1.12.6. Thestructure was sized 
population of roughly 2,000.Discharge to 

treatment was 0.94 cfs at firstdischargeover 
weir and this discharge increased to 1.12 cfs12 
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when total inflow to the regulator was 7.0 Theorifice 
on the pipe to the interceptor was 6 incheswide 

by 1/2 inches high. The ratio of screenings inthe 
overflw to screenings in the flow to treatmentwas 

0.5, the lowest of the four types tested. Thisdevice 
has the best general prformance whencompared 

to th stilling pond, the vortex and th lowside-overflow 
weir.7.12.7 

Inflatable Fabric DamsThe inflatable fabric 
dam is avariablycontrolled gating structur 

manufacturdfrom reinforced rubberized fabric. 
This reinforcedfabric is shapd into a sealed tube, 

capable of bingpressurized with either watr, air or a 
combination ofair and waer. Each inflatable dam is 

adapted to anddesigned to be readily installd and 
operated 

onirregular, flat or curved foundaton surfaces 
withoutaffcing th inflatable dams design 

dischargecharacteristics and capabilities. The inflatable 
dam isinstalled in a deflatd state and therefore 

assumes theshape and contour of the foundation surfaces. 
Flowin the combined sewr can be rgulated and sewage 

orstorm flow can be divertd to the intrceptor by 
theoperation of th inflatable dam. Flow through 

thinteceptor 
to the tatment plant can also becontrolled 

by inflatable dams or by some other gatingdevice 
if flow control can be regulated.Overflow can b 

regulated by simply incrasingth elevation 
of the inflatable dam by eitherautomatic, 

semi-automatic or manually operatedcontrols. Only 
when the capacity of the interceptorhas been 

reached and the lvel of the admixture ofsewage and 
storm water reaches the storage capacityof the 

combined sewer system will overflow bealowed to occur 
The inflatabe dam is a fail-safegating 

structure 
which will not allow clogging andjamming during 

peak storm periods. Th inflatabledam can be 
controlld 

so that hydraulic pressureprovided by the 
upstream water level in the sewerconduit will 

activate a positiv deflation mechanism,allowing excess 
ffluent to run off. Then when owssubside and overflow 
pressures are reducd, theinflation contro valves 

open and the inflatable dam-inflates until th 

designed pressure and dam hightis reestabished. 
contol 

fo inflatabl das used to gulateflows in waterway 

is based on the 
rlativ headbtween upstream water lvel and dam 

inflationpressur. When water is used as the inflation 

medium,an inverted tube siphon pipe installd 

in thedrain line provides a failsafe and positiv 
deflationmchanism. The height of the siphon apex 

isadjustable 

so that flexibility in sttings is possible 
anddeflation can correspd, as desired, to 
varousupstream water levels and flow rates. An air vent 

isconnected to the top of the siphon. With the 
valveclosed, 

the siphon wil prime whenver dam inflationpressure, 
as increased by rising upstream water 

evel,xceds 
the siphon height stting, and continuouscomplete 

deflation then taks place. With the apexvalve open, 
the siphon acts as a and damdeflation wil be 

partial and intermittent, dependingupon the rates at 
which flows build up and subside.Positiv deflation 
control is thus assured under highflow conditions, 

whether the air valv is open orclosed. The siphon 
serves 

a scondary purpose inpreventing over-inflation 
during the filling operations.As flows subside, 
overfow pressure reduces, thinflation float valv 
opens, and the dam graduallyre-inflates until ultimatly the 

upstream pool returnsto normal level and he dam 
is again at nominalinflated height.Air-inflated 

dams operat under th same fail-safprinciple as 
water-inflated 

dams excpt thatair-actuated instrumentation 
and controls 

excite thdeflation cycle system. The decision as 
to whether touse water, air, or a combination 
of air and water asth best inflation medium for 

inflatable damsdpnds upon operating requirements. The 
bst crestcontrol is achieved with water inflation. 

The us ofair, however, usually results in less 
cost for fabric andcontrol equipment, espcialy 

wheninflation-deflaion cycl tim limits must be quitrapid. 
In addiion, air inflation is dictated whenever adam 

must 
remain fully oprational during 

frezingwinter conditions.Figure 1.12.7 is an artist's 
concption of aregulator facility utilizing th infatable 

fabric dam,1.12. ReferencesAll rferences listd 
below are from 

theSymposium on Storm Sewage Overflows, May 
4,1967, sponsored by the Institution of Civil Enginers.1. 

"Design, 
Construction 

andPerformance of Vortex 
Overflows".2. 

P. "Storm OvrflowPerformance 
Studies 

Using Sewag".3. et "ScondaryMotion Applied to 
Storm Sewage Overflows".4. ractical 

Dsign of StormSewage Overflows".16 
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STATIC 
REGULATORS2.1 

Manually Operated Gates2. 
LI DescripionThe 

regulator may consist three chambers: (1)A 
diversion chamber, (2) orifice chambr, and (3)tide-gate chamber. The last chamber may b omittdwhen 
a tide gate is not required. A typical regulator isshown 
in igur 2.1.1.The 

diversion chamber contains a dam to deflectth dry 
weather flow at right angles to the sewer axisinto the 
orific chamber. Th diversion dam is usuallyset at a 

maximum height of six inches above theinvert of 
th combined sewer to minimize backwatreffecs upstream 

in the combined sewer during stormflows. The 
diversion channel invert is set so that peak can be 

diverted 
without ovrflowing th dam.Excess storm flow 

will pass over the dam into theflap-gat chamber 
and continue to the receivingwaters.The gat is 
st in the 

orifice chamber on thecommon wall between 
the two chambers. Theopening is manualy 

adjustabe. The minimumdimension of the opening 
should be fur inches torduce clogging tendncies.The 

gate usually consists 
of 

a square sluic gateor circular shear gate. The 
use of the gate las advantages: (1) The size opening can 

be adjusted, (2)th gate can be readly opnd to clar 
it of dbris;and (3) th gale can be readily closed to 
stop all flowto the orifice chamber when maintenance is 
required.A square or rectangular sluic gat is prfrableto 

a circular one. Whn a circular gat is 
parallyclosed 

the oening is crscent shaped. This form 
ofopning is more subject to clogging than a square 
orrectangular opening because material may becomewedged 

in th acute anges at the ends of thecrscent.Thre 
is some difference of opinion amongdesigners 

as to 
whether th divrsion chamber shouldb 

constructed 
with or without channel. If thechannl is usd 

th DWF is conveyed into the orifcewith little 
or no reduction of vlocity and thre willbe no dposiion 

of material in the diversion chamberbetween storms. 
If the diversion dam is only sixinches above the 

invert 
of the combined sewer it willcause little 

impediment to larg solids or floatingmatrial during storm 
flows even if the face of edam is vertical. Other 
designers prefer to omit thchannel and provide a 

flat slope on the fac of thediversion dam so that 
storm flows wil readily sweepany deposition on the 
invert up and over the dam.However, during low DWF 

th 
pool upsteam of thedam will as a stilling basin 
and caus grit andsolids o accumulate in the 

divrsion 

chamber. Odorsmay hen become problm- Since 
the purpose ofme regulator is to convy all sanitary 
flow includinggrit and solids to he tatment 

plant 
it would appearthat the us of the channel is 

preferabe.2.1.2 Design GuidelinesA typical layout for this 
devic is shown inFigur 2.1.1. For design, 
obtain pertinent data 

forcombind sewer at the prposed location of 
thregulator including, diamtr, invrt elevation 

slop,average 
and pak DWF and pak storm flow. Theregulator 

design flow s consided hrin o b thepeak DWF. Obtain 
similar data for the interceptor athe 

proposed 
junction with branch intrcptor. If theinterceptor 

is being designd in conjunction with theregulator 
assum he elevation for intercepor andadjust as found 
necessary by subsequentcomputations.The gate may 

cithr squre, rectangular orcircular. Th design 
computations which follow arebased on the us 

of a cangular 
orifice. Dischargthrough the orifce is 

proportional to the square rootof th head on the 
orifice. 

Hence a four-fold increasein the head will rsult 
in a two-fold incras in thedischarge. During low flow 
periods, discharge will bdetermined on the basis of 

critical dph through theoric, providing c waer sufce 
downstream ofthe orifice is lowr. As the dpth of flow 

ncreassand ries above the lop of th orifice, discharge 
be basd on the difference btween the heads on 

thetwo sides of he orifice. Th orifce chamber andbranch 
intercptor must be designed so that there willbe no 

backwater in the orific chamber to affect thdischarge 
from the orice at design flow. The branchinterceptor 

should b designd to carry th peak sanitary ow. 
As the divrted fowexceeds the peak DWF h hydraulic 

gradient of thebranch inrcptor will increase, thus 
raising thewater surface n th orific chamber 

downstam 
ofthe orific. The resultant submrgenc of the 

orificewill reduce th had on the orifice and this 
willdecreas the discharge through it during 

stormperiods.Thus, the quantity of storm flow divrtd 
totheinterceptor is affected by two factors: (l)The 

effectof the increasd depth of flw in the combined 
seweron dscharge through the orifice is lssnd 

becausethe 
dischag is proportional to the squa root of 

thehead on the orifice; and (2) increase inintercepted 
flow may exceed the capacity at normal21 





flow depths of the branch interceptor, thus raisingthe 
hydraulic grade line in the orific chamber 

andreducing the effctive had on the orifce. The econdfactor 
bcomes more pronouncd as th branchinterceptor 

length is increased. It is, accordinglydesirable 
to locat the regulator some distance fromthe 

interceptor—at 
least 100 feet. Further, to notcause 

backwater from the branch interceptor in theorifice 
chamber it is desirable that th flow in thbranch be 

at 
design flow.If field conditions are 

such that the branchinterceptor cannot b 
dsigned to meet the forgoingcriteria it may ncessary 

to provide some flowcontrol devic in the orifice 
chamber. This could be avertical stop log control, as 
used for thcylinder-operated gate, or an 

orific either in thechannel or on the outlet pipe 
from the orificechamber.The hydraulic gradient 

and energy 
ines for peak should be computed starting with 

the watersurface at the intrceptor and 
proceeding 

upstreamalong the branch intrceptor to th 
orific chamber.The elvation of the control dam in the 

divrsionchamber usually set 0.5 fet maximum above 
invrtof the combined sewr. The size of th orifice 

shouldbe selected and the requird had to pass th 
dsigndischarge should be determined. The invert of 

theorifice should be set at the required elevation 
andwater surface downstram of orifice in orificchambr 

should be determined. The water surfaceshould 
be compared with required hydraulic grad forthe 
branch interceptor. Elvations of the latter andthe 

size of the orifice must be adjusted as required.The 
quantity diverted to the interceptor duringstorm 

periods is dtermined by the trial and errormethod.In 
the initial computation, the hydrauliccomputations 

should start at th water surface in 
theinterceptor 

at peak DWF. In subsequent rials it maybe 
necessary to raise the branch intercptor at itsjunction 

with the main interceptor which will resultin flow 
at critical depth at th nd of the branchinterceptor. 

In this cas it may be necessary tocomput the 
backwater curve for the flow in thbranch intrcptor 

to determine the depth of flow atthe upstram 
end.Sample computations arc given in paragraph2.1.3 of 

this manual.2.1.3 
Sample ComputationManually Operated 

GatePertinent dataA 
Cross 

Sectional area in ft. 
DiameterV Velocity 

Depth of flow 

Quantity of discharge Width of 

openingInterceptorD 
36 

Invert el. 10.0 
12.4Combined SewerD 54 
Invert el. 16.00. 

0.0026Manning 
n= 0.013 (full) 6.4 Q dFlow ft.DWF 

Dry-weather 
flow - Dry-weather - peak1year storm10-year 

storm0.52.0100.0<0.30.52.53.6 = 

Minimum 
specific 

energyHG= Hydraulic grade 

line Critical 
depth of flow 

Acceleration 

of 

gravity Coefficient 
S.= 

Water 

surface 
elevation1.82.56.77.2(D.includes 

peak 
dry-weather 

flowDistance from 
interceptor to regulator 100 

hydraulic grade 
lineEL energy 

lineW.S.el.1.316.518.519.623 



2..3 Manually Operated 

GateELEVATIONDesign 
2.0 Invert ELSee figure 

2.1.3.1Interceptor 

- peak dryweather flow 10.0 12.40Determine 

lowest profile of branch interceptorBranch 

interceptor 
100 n 

0.013 
Q 2sD 10 =0.008V full 

3.7 0.8 
.14 x3.74.2fps 

0.27Lowest possible invert2.40 - 
0.8 (0.83) 

12.40Pipe outlet 
loss 

.0 (0.27 0) 0.27 
2.67Friction 

head 100 0.008 0.8ELEVATIONBranch 
Interceptor Invert HGL ELUpstream 

end 12.54 

13.20 13.47At orifce chamber 

.4Pipe inlet oss 0.5 (.27) 0.4 
13.61Assume complete 

loss of velocity in orificedischarge. 
Water surface in orifice chambersame as EL. 

3.6Diversion ChamberDam 16.00 0.50 
16.50Try 

12" x 12" 

sluice 

gateDetermine 

invert elevationQ 3.09 

2.0 =0.75 2/3 0.75 
0.50 =40fS 1x0.5 

=H+0.5V16,502g=0.75+0.5 

664.4d 0.88Check 
- From 

Fig. 2..3.2 d 0.8824 
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2.1.3 Manually Operated 

GateSet 

invert of orifice at 0,88 below flow 
line6.50 

- 0.88 

Orifice 

ChamberOrificeInvert 

15.62 5.62 0.50Assume Velocit 
head lossBranch 

interceptor 

can be raiseduntil HGL at 
upper end is 16.12Rise =16.12-3.61 

=2.5ELEVATIONInvert 

HGL 

EL15.6215.6216.1216.12Orifice 

ChamberRevised 

branch 

interceptor—Highest profile Downstream 1.74 

2.5114.25 (.8) (0.83 
4.25 66Outlet loss 0.27Friction 

loss 100 0.008 
0.80Upstream endPipe inlet loss 0.5 

x 0.27 
0.14Required water surface Invert of 

orifice chamberNotes:f 

Critical depth will occur 

at 

downstream 
end ofbranch interceptor. However computation 
ofbackwater curve indicates normal flow 

depthwill occur 10 feet upstream from 
outlet.Therefore the computations to 

determineupstream 
conditions can ignore critical 

depth. This is maximum elevation for invert 

at chamberand will result in greatest submergence 
of orificewhen diverted flows exceed 2.0 The 

invertand 
branch interceptor can be set lower 

butthis 
will decreas submergence of orifice 

athigher flows and will result in greater 
diversions.27ELEVATIONInvert HGL EL4.2514.915.185.05 

15.7 

5.9816.26.125.05 
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2..3 Manually Operated 

GateDetermine 
fow diverted to branch interceptor in 

wetweather 
periods by trial and error 

in 

combined sewer 
diverted 

10" branch for 

ELTop 

branch lower end 
Exit loss Friction loss 

100xS loss 0.5 

Total head on 
orifice 

19.6 - 

18.19Q=2.81 

—————Diverted Q Ratio .= 0.5 
Critical 

depth is 

0.78 
Backwater 

computationindicates 

pipe 
will be flowing full 2 feet fromend. Assume 

pipe 
is flowing full at 

end.10-yearstorm19.603.46.240.02415.080.602.400.30HGL in orifice 

chamber 

18.381.223.33.3Q 

= ——— 

0.7 

1.0 

0.53 

8.03 2.981 

-yearstorm8.502.95.30.01815.080.441.800.2217.540.962.92.92.2 

Fixed Orifices 

(Vertical)2.2.7 

DescripionThe 

regulator 

i 

similar 

in 
all 

respects 

to themanually operated gate 
except that no gat 

is usd.2.2.2. Design GuidelinesThe dsign 
guidelines 

for the vrtical orifice arcth sam as those 
established for the 

manuallyoperated 
gate in 2.1. In the description of he 

lattrdvic it is stated that if flow in the 
brachinterceptor is not it may be necssary toinstall a 

control in the orifice chamber to causesubmergenc of 
the orifc chamber to caussubmergence of the orific 

and thus reduce theamount intercepted during storm 

periods. Toaccomplish this purpos the 
Allegheny CountySanitary Auhority has installed a 

"doubl-orificeregulator" which uses a 
rectangular orifice betwnthe combined swer and 

orifce chamber and acircular orifice on the outlet 
from the orificechamber. Th branch interceptor is 

dsigned withsufficient slop so that the outet 
orifie functionswith fr discharge. Sampl 

computations 
for a singe29 



xd vetical orifice would b similar to thoseprsntd 
in 2.1.3 for a manually operated gate.2.3 Fixed 
Orifces (Horiontal)(The Drop 

Inlet)2.3.1 
DescriptionWhen the 

horiontal orifice is located in theinvert of 
the combined swer it may consist of anopen slot or 

an inet with a metal grating. After through the 

slot or grating the flow isconveyd by th branch 

intrcepto to theinterceptor. A dam is 
rquired immediatelydownstream of the orice 
to 

prevent overflowsduring dy weather periods.When 
the horizontal orifice 
is locatd in aseparat chamber the regulator 

consists of a diversionchamber, orifce chamber and, 
when necessary, a tidegate chamber.The diversion chamber 

is similar 
to that used formanually operated gates. The 

opening in the commonwall betwen the divrsion chamber 
and the orifcechamber should be mad large enough 

so as not to actas a control orifice during dry-weather 
peak flows.The invert of th diversion chamber 

can be providedwith a channel or a flat flow in the 
combind sewer isdiverted by the 

dam in the diversion chambr into 
theorifice 

chamber through an opening in th commonwall 
between 

th diversion and orifc chambers. Theorifice 

s set horizontally in th bottom of the orifcechamber 
at sufficient dpth below the diversion damto intercpt 

th 
design flow. Th flow passingthrough the orific 

drops 
into th branch interceptorwhich conveys he 

flow to th interceptor. Theorifice may be eithr 
circular 

or rectangular. Ifcircular, provision 
should 

b mad for rplcing theorifc plate, whn ncessary, 
to chang th siz ofthe orifc. If rectangular, the 

orifce can be made byusing two fixd plates and two 
removable plates sothat th siz of the openin can b 

revised. 
Stopplanks should be providd in the divrsion 

chamberto prvent flow to the orifce chamber 
whenadjustments arc made to th orifice,2..2 Design 

GuidelinsTh 

area of grate to provid for an orifice 
locatedin the sewer invert can be 

determined from the 
orificefomula, using the head on th grate causd by 

thedam. It is difficult to decide what allowance shouldbe 
made for clogging. A reasonable assumption is 

that50 percent of the grate opening area is available 
forflow. Hence, if a storm occurs when the grat is 

clanan excssiv flow may be intercepted. On th otherhand, 
th first rush of storm flow may cany so muchdbris 

that the grat becomes clogged very quicly.For the 
foregoing reasons it is considrd prefrablto place the 

horiontal orifc in a separate chamber.During dry 
weather flow the hydraulic gradientat the upstream end 

of the branch interceptor shouldbe below th orifice 
for propr functioning of theeguator. If the 

hydraulic grade line is just blow theorifice during dry 
weathr flows and the branchinterceptor is designed 
for flow thenstorm flows will cause the hydraulic grade 
lin to riseabove the orifice and the flow into 
the branchinterceptor will b goveed by th 

hydraulics of thebranch intrceptor rather than by the orific. 
Sincthis will reduce the amount intercepted 

during wetweather priods it is desirable to the 
branchinterceptor of som length, say at east 100 fet, so 

asto develop such a backwatr effect. It should also 
benoted that during storm ows the vertical 

openingbetween the divrsion and orifice chambers will act asan 
orifce. The height of the opening is usually madelarge 

enough so that th vertical opening will havelitte 
effect on the size of the flow diverted to 

theinterceptor. 
The height of this opening could bedecreased 

to further decrease the diverted flow. Thisin efect, 
would be designing a doubl orifcergulator, with one 
orifice vrtical and onhorizontal.2.3.3 Sample 

ComputationHorizontal Orifice depth of flowA area 
coefficient length gravity 

accelerationGivenInterceptor 
SewerDia.= 36 Invert el. =10.0Water 

surface 

12.430 



2.3.3 Horizontal 

OrificeCombined 

Sewer 

54 Invert el. 16.00, 0.0026Manning 

0.013 full) 6.4 

FlowDryweather-peak-year 

storm10-ear 

stormDegn 2.0 
See Figure 

2.3.3.InterceptorDiversion 

ChamberQ0.52.060.0100.0ft.0.30.52.53.6Vfps.82.56.77.2Distance 

from 

interceptor 

to 

regulator 

100 

ft.HGL 

hydraulic grade lineEL energy lineDesign 
flow 

in sewer 16.5 cfs =16.5 
0.5 above 

invertSide 

OpeningSay 2.0 wideArea 

2.0 0.5 1.0 

ft.V=2.0 - 1.0 =2 

fpsFlow 
toward 

orifice 
chamber90° bend loss 0.06Orifice 

ChamberAssume 
loss of veloity headTry 9 x 

8 
orificeQ=CA2.0(0.6)(0.5»8.03» 

0.83 

ft.V=2.00.5=4fpsEl. orifice 

=16.44 
-0.83ELEVATIONInvert 

HGL EL10.0 12.46.0 6.5 
6.56.44 

6.5016.44 
6.4415.6131 
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2.3,3 Horizontal 

OrificeELEVATIONInvert 

ELBranch 

InterceptorL10 

n= 0.03 Q=2cfsD0 S= 
0.008 V3.7 d/D=0.8 1.13 3.7= 

4.2 Downstream End 12.4012.40 - (0.8 x 

.83) 12.40 - 0.66 
11.74Exit loss 0.27 2.6Upstream EndFriction 

loss 100 x 0.008 
0.80 

12.54 13.20 
13.47Bend oss 0.25 0.07 13.27 13.54Distance of 

HGL below orifice15.61 -3.27=2.34Use 

10 C.I. 21.0 90° bendHighest 
invert 15.61 

- 1.67 13.94From above 13.27 

- 0.66 2.61Raise branch interceptor 
1.33Note: Flow at critical depth 

will 
occur at downstream 

end.Flow 

at normal depth will occur 0 upstream.Therefore, 
computation 

of upstream condition can ignore critical 
depth at lower end.Revise elevations ofBranch InterceptorDownstream 

end11.74+1.33Upstream 

end 90° bend 
lossBelow 

orificeDetermine 
flow 

diverted 

in wet 

weather33ELEVATIONInvert 

HGL 

EL13.07 

13.73 14.000.80 0.80 0.8013.87 

14.53 

4.800.07 

0.074.87 

4.87 
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